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Lipid Bilayer Insertion of OmpA from E. coli Requires the Association of
Neighboring b-Strands, Revealed by Intramolecular Site Directed Fluores-
cence Quenching
Joerg H. Kleinschmidt, Paula V. Bulieris, Jian Qu, Marileen Dogterom,
Tanneke den Blaauwen.
We present the first detailed study on the formation of neighboring antiparallel
b-strands during the folding of a monomeric integral membrane protein of
the b-barrel type. b-strand- and b-barrel- formation were investigated for the
8-stranded transmembrane domain of outer membrane protein A (OmpA)
with single-tryptophan (W), single cysteine (C) OmpA mutants. Based on
the OmpA structure, W and C were introduced in two neighboring b-strands,
oriented toward the hydrocarbon core of the membrane. Replaced residue pairs
were either closer to the periplasmic turns, named cis-side of the strand, or
closer to the outer loops, named trans-side of the strand. WnCm-OmpA mutants
containing W at position n and C at position m along the polypeptide chain
were labeled at the C by a nitroxyl spin-label, which is a short-range fluores-
cence quencher. To monitor association of neighboring b-strands, proximity
between fluorescent W and labeled C was determined in OmpA folding exper-
iments by intramolecular fluorescence quenching. Formation of native b-strand
contacts in folding experiments required the presence of a lipid membrane.
Residues in the trans-side of strands b1, b2, and b3, represented by mutants
W15C35 (b1b2, trans) and W57C35 (b3b2, trans) reached close proximity prior
to residues in the N(b1)- and C(b8)-terminal strands examined for mutants
W15C162 (b1b8, trans) and W7C170 (b1b8, cis). Tryptophan and cysteine con-
verged slightly faster in W15C162 (b1b8, trans) than in W7C170 (b1b8, cis).
The last folding step was observed for residues at the cis-ends of strands
b1 and b2 for the mutant W7C43 (b1b2, cis). The data demonstrate that neigh-
boring b-strands associate while they insert into the hydrophobic core of the
lipid bilayer.1134-Pos Board B44
Characterization of the Colicin E1 Channel using Genetically Encoded
Fluorescence
Derek Ho, Rod Merrill.
From the Department of Molecular and Cellular Biology, University of Guelph,
Guelph, Ontario, Canada.
Conformational changes in the colicin E1 channel domain upon membrane as-
sociation (zero membrane potential) were studied by fluorescence resonance
energy transfer (FRET). Six single-Cys and single-stop mutants were prepared
to probe changes within the inter-helical distances for the soluble and
membrane-binding states. The FRET measurement involved the incorporation
of a genetically encoded fluorescent amino acid (coumarin) as the fluorescence
donor and a selectively labelled cysteine residue tethered with DABMI
(4-dimethylaminophenylazophenyl-4’-maleimide) as the FRET acceptor. The
fluorescent coumarin residue was incorporated into the protein through the gen-
eration of an orthogonal tRNA/aminoacyl-tRNA synthetase pair that allowed
the selective incorporation of the coumarin into any site within the colicin chan-
nel domain. This powerful approach eliminates the requirement for selective
labelling at donor and acceptor sites with two different chromophores. Each
of the six mutant channel proteins harbored a stop (TAG) mutation for couma-
rin incorporation and a cysteine (TGT) mutation for DABMI attachment. A to-
tal of 6 inter-helical distances within helices 1 - 6 were estimated using FRET
analysis for both the soluble and membrane-bound states. FRET data showed
large changes in the inter-helical distances between helices 3 - 6 upon mem-
brane association. Importantly, the FRET distances correlated well with
distances from the soluble X-ray crystal structure. In general, the coumarin-
DABMI FRET efficiency decreases upon membrane binding, supporting the
umbrella model for the colicin closed channel. Furthermore, the membrane-
bound state FRET distances showed excellent correlation with the quasi-
circular arrangement model. Herein, we report the success of this new approach
to the study of a membrane-associated protein, such as colicin E1 [supported by
NSERC, ARM].1135-Pos Board B45
Mechanism of Saporin Entry into the Target Cell Cytosol
Supriyo Ray, Liz Haynes, Tuhina Banerjee, Suren A. Tatulian, Ken Teter.
Saporin is a type I ribosomal inactivating protein (RIP) derived from the
plant Saponaria officinalis. It kills target cells through its RNA N-glycosi-
dase activity, but has low in vivo toxicity because of the absence ofa cell-binding subunit. Saporin enters the cell by endocytosis and trans-
verses the endosomal membrane to reach its cytosolic target by a mechanism
that remains elusive. We hypothesized that saporin may behave like a meta-
morphic protein that undergoes conformational switching between
membrane-rupturing and enzymatic states, which may be mediated by pH
and endosomal membranes. To test this hypothesis, we examined saporin
interactions with phospholipid membranes that mimic the charge and fluid-
ity of the endosomes, its membrane rupturing capabilities, and pH-
dependent conformational changes in saporin. Our data indicate that a)
saporin does bind to membranes composed of 80% DOPC, 5% POPC,
15% POPG, as detected by resonance energy transfer experiments b) bind-
ing is stronger at pH 5.5 than 7.0 (KD = 0.4 mM and 1.1 mM, respectively),
c) saporin causes calcein leakage from phospholipid vesicles in a dose-
dependent manner, and d) saporin undergoes significant conformational
changes upon acidification in the presence of membranes. Circular dichro-
ism data show a moderate change in saporin secondary structure upon
a pH shift from 7.0 to 5.5 in the absence of membranes, which can be in-
terpreted as an alpha-helix to beta-sheet transition. In contrast, in the pres-
ence of membranes the protein undergoes a prominent conformational
change by gaining a larger alpha-helical content upon a similar pH shift.
Together, these results provide a foundation for understanding the molecular
mechanisms of membrane translocation of saporin, and probably other type
I RIP proteins, which may acquire distinct membrane rupturing and cata-
lytic activities by means of conformational switching, regulated by environ-
mental factors such as pH and membranes.1136-Pos Board B46
Reversing the Charges within the Lumen of Alpha-Hemolysin Protein
Pore Affects its Robustness
Mohammad M. Mohammad, Liviu Movileanu.
Staphylococcal alpha-hemolysin (aHL), a heptameric transmembrane protein
of known high-resolution crystal structure, has been targeted for engineering
for many biotechnological applications due to its high stability in planar lipid
bilayers. Using single-channel electrical recordings and standard protein engi-
neering, we explored how reversed charges within the interior of the beta-barrel
part of the pore alter the protein robustness. We replaced the lysines with as-
partic acids. Reversing charges within the pore constriction, the structurally
stiff region of the beta barrel, reduced the conductance of the pore, but pro-
duced current fluctuation-free channel behavior. In contrast, reversing charges
at the structurally flexible glycine-rich turn of the beta barrel, increased the con-
ductance of the pore and produced gating activity in the form of large-
amplitude and frequent current fluctuations. Remarkably, reversing charges
within both regions caused a large-amplitude permanent current blockade of
the beta barrel. Our results suggest that these distant charge reversals are ener-
getically coupled.1137-Pos Board B47
Phase Association and Binding Energetics of Swcnts into Phospholipid
Langmuir Monolayers
Peter N. Yaron, Brian Holt, Phillip A. Short, Mathias Lo¨sche,
Mohammad F. Islam, Kris N. Dahl.
Single-walled carbon nanotubes (SWCNTs) have been identified as promis-
ing candidates for targeted drug delivery due to their low toxicity and
ability to be functionalized using various bioactive groups. It is currently un-
determined what mechanical and biological mechanism(s) are responsible
for uptake into cells. We have used dispersed pristine SWCNTs to study
mechanisms responsible for cellular uptake using cellular systems and
in vitro model membrane systems. Fluorescence lifetime imaging micros-
copy (FLIM) of RhoB-GFP, a marker of endocytosis, shows functional
spatial and temporal localization of endosomes with SWCNTs. Results dem-
onstrate an increase in the number of endosomes after SWCNTs exposure
indicating a stimulation of endocytosis. Measurements of SWCNT on artifi-
cial tethered bilayer membrane systems have shown no change in membrane
capacitance indicating no penetration or disruption of membranes by
SWCNTs. Preliminary results with Langmuir monolayers of lipids exposed
to SWCNTs shows no significant increase in surface pressure from the
control also indicating no significant uptake of SWCNTs. In sum, results
support cellular mediated endocytosis of SWCNTs as the preferred mecha-
nism for cellular uptake.
